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(57) Abstract 

An expansion module address method and 
apparatus for a Programmable Logic Controller 
(PLC) is taught Briefly stated, a PLC base unit 
sends an address to an expansion module and 
modules attached thereto. Each expansion mod- 
ule takes the number it receives and considers it 
to be its own address number. Unless the num- 
ber presented to it is a zero, the expansion mod- 
ule decrements the number and passes it onto the 
next module. Thereby each module knows its 
own address. Each expansion module has con- 
tained therein a plurality of address and data lines 
which are common to all modules with the ex- 
ception of one address line which is interrupted 
by each module circuitry, which is used to decre- 
ment the address number and then passes it along 
the interrupted address line to the next module. 
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EXPANSION MODULE ADDRESS METHOD AND APPARATUS FOR A 
PROGRAMMABLE LOGIC CONTROLLER 

FTEM> Q? THE ISSSSSI3& 

This invention relates, generally, to Programmable Logic 
Controllers and an I/O expansion module address method and 
apparatus for Programmable Logic Controllers. 



Heretofore, Programmable Logic Controllers have had a 
tendency to be somewhat specialized or adapted to particular 

15 classes or categories of equipment. However, there is an 
increasing tendency and usage of Programmable Logic 
Controllers for smaller and smaller pieces of equipment* 
Moreover, there is also a tendency to use Programmable Logic 
Controllers which are adaptable to a variety of processes, 

20 systems and equipment. As a result, Programmable Logic 

Controller manufacturers have been and are required to produce 
smaller and less expensive controllers while providing 
increased adaptability and features. Further, competition has 
also forced manufacturers to produce a range of Programmable 

25 Logic Controllers from small units, commonly referred to as 
Brick type PLCs, to high-end complex units. However, 
regardless of the size or complexity, manufacturers are being 
required to produce PLC f s at lower costs while still 
delivering additional features. 

30 

Accordingly, it is becoming increasingly important to 
provide PLCs which provide modular approaches. That is, the 
ability to enlarge a system by providing additional features 
and/or additional input/output analog and/or digital I/O. 
35 Modular systems allow for adaption to simple and complex 

situations as well as increasing in cost in more manageable 
incremental steps. Further, due to the increased use of 
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Programmable Logic Controllers, it is now a de-facto 
requirement that such controllers be capable of being 
interconnected in a network type environment and being 
programmed and reprogrammed through a variety of means. 

Programmable Logic Controllers typically encompass a 
primary controller having a plurality of I/O for digital 
and/or analog interaction. Frequently however, particular 
applications require I/O which is different than that provided 
or alternatively in greater numbers than that typically 
provided. As a result, expandable Programmable Logic 
Controllers have heretofore included a system of optional add- 
on modules. These modules have required a means for the 
primary controller to select individual expansion modules for 
access. Previous methods for achieving this selection have 
included the use of fixed back planes with individual select 
lines used to activate each module location. Therefore, the 
primary controller activates a specific select line to access 
a specific module. Alternatively, a fixed back plane has been 
used with distinguishing address codes provided at each module 
location. The primary controller therefore provides an 
address across an address bus that is matched by the receiving 
module against its pre-programmed location address. 

A third approach has been the use of address switches or 
jumpers with each module modified at installation in order to 
provide a unique address. Further approaches have taken the 
form of a fixed sequence access where each module blocks 
access to succeeding modules in a chain until some state 
change sequence is completed. Once access to that particular 
module is completed, it passes through transactions to 
succeeding modules until some master signal indicates start of 
a new access sequence. 

A fifth approach has been the use of position dependent 
data with data telegrams passed from module to module with 
each module extracting or adding data elements to the telegram 
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at a location in the telegram corresponding to the nodules 
position in the chain. However, the above approaches are 
increasingly difficult and cumbersome to utilize, particularly 
in brick style PLCs which have limited memory, limited 
5 processing capabilities and are of a small size in which to 
accommodate such functions. 

Further, one of the primary and perhaps most important 
features of a PLC is its ability to operate a specified 

10 sequence or program in as fast a time period as is required. 
While it is recognized that the actual process itself is 
frequently not a high-speed "process" the various parameters 
which are measured require calculations which must be done in 
a high speed fashion so that the entire process is not 

15 disturbed. These high speed calculations typically utilize 
interrupt routines. Heretofore however, such interrupt 
routines have required a user to utilize a specific preset 
program section to which the PLC is to transfer control for 
the events of interest. Therefore, while a user could specify 

20 when an interrupt would occur, the user was limited as to a 
specific interrupt routine which could be carried out. This 
therefore limits the use of such processors or requires 
significantly long interrupts in that everything which might 
be of interest must be put into the same interrupt routine so 

25 that all contingencies are taken into account. 

Moreover, there is an increasing need to utilize what is 
commonly referred to as high speed counters or functions. 
These counters or functions are utilized to distinguish time, 

30 frequency of events and the like in order to initiate 

subsequent events. Heretofore, once a preset number of events 
occurred it was required that the high speed counter be 
stopped and/or the high speed counter current value be 
perturbed, i.e., cleared to zero in order to reprogram the 

35 next preset value. This therefore resulted in a time delay or 
interruption during this reset or reprogram period. This is 
particularly problematic when a series of high speed counts 
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are required in that subsequent resets of the counter induce a 
cumulative error or off-set in the total elapsed period of 
tine. 
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Further problems with existing Programmable Logic 
Controllers deal with their communication ports. Programmable 
Logic controllers generally provide a communication port for 
control of the operating system software. This communication 
port is required to allow programming of the PLC. However, 
these interfaces which communicate with the PLC either use the 
manufacturers proprietary communication protocol or a 
manufacturers library set or specified protocols. Further, 
while the communications function is an integral part of a PLC 
and is being used with increasing frequency, end users 
frequently cannot gain access to the port in a general purpose 
way from the user program. At best, some PLCs provide the 
user with the capability to send messages to a device such as 
a printer but do not allow messages to be received. 
Accordingly, it is difficult, expensive and sometimes 
virtually impossible for different PLC's to be utilized so as 
to accommodate a new or different protocol than that was 
originally designed or specified. At best, these additional 
protocols are not programmable via the normal interface or 
communication port. 



Additional problems with existing PLCs deals with 
removable program memory. Removable program memory is a 
necessary function which is used to adapt a PLC to new 
equipment, different process, different parameters and the 

30 like. Heretofore, such removable program memory devices have 
used parallel access devices such as EPROM, battery backed 
RAM, or flash EPROM. These removable memory cartridges often 
must be inserted in a separate device such as a handheld 
programmer. This therefore dictates that downloading of new 

35 programs to individual PLCs is quite cumbersome and requires 
external devices. Moreover, it typically makes it very 
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difficult for a specific PLC program to be propagated amongst 
other PLCs in the system or similar PLCs throughout a factory. 

ADVANTAGES MID SUMMARY OP THE IMVEMTTQM 

Accordingly, in view of the shortcomings of present day PLCs 
and of the enumerated demands and requirements imposed upon 
them, it would be advantageous to provide a Programmable Logic 
Controller having provision for modular expansion units which 
do not require fixed back-planes or any back planes. It is 
also desirable to produce modular ly expandable PLC's which do 
not incur the cost and space requirements of switches or 
jumpers as well as the requirement that switchers or jumpers 
be properly set at the time of installation. Yet another 
advantage would be the use of simple, low cost asynchronous 
logic to provide modular expansion of PLCs. Still a further 
advantage would be to provide modular ly expandable PLC»s 
requiring no clock signal or state machinery in order to 
implement a sequential operation or identified data by a 
sequence count or timing. 

It would also be advantageous to provide a user interrupt 
routine which may be dynamically assigned for use in a 
Programmable Logic Controller. Also advantageous is a PLC 
instruction and system capability to allow the PLC system to 
transfer control for one or more events of interest such as, 
for example, rising edge of an input point, high-speed counter 
current equal to preset, expiration of a specified time 
period, etc. Still another advantageous feature is a PLC 
which may in addition to assigning a program section will 
allow for De-assigning of programs sections from a specific 
event, i.e., specify that a particular event is no longer of 
interest for special processing by the user program, as well 
as assigning different program sections to an event based upon 
specific operating conditions. Particularly advantageous is 
the ability to dynamically reassign these interrupt routines 
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during program execution rather than at compilation time and 
which may be automatically performed by the PLC system in 
order to effectuate control transfer. 

Still a further advantage is a user defined dynamically 
assignable user interrupt routine in a PLC and system which 
allows a users PLC program to dynamically modify the specified 
high-speed counters preset value without stopping the high- 
speed counter and without perturbing the counters current 
count value, it is also desirable to have a PLC having a 
high-speed counter on a preset value which is updatable at 
various points of interest, i.e., an interrupt event at 
current value equal to preset value in order to dynamically 
re-program the next preset value of interest without 
perturbing the current state of the counter. 

A further desirous feature is a PLC having a high-speed 
counter such that the current value may be allowed to continue 
counting without being reset to zero while the next preset 
value of interest is reprogrammed. still a further desirous 
feature is a PLC having a high-speed pulse train output which 
provides for pipelining or Queueing which therefore allows a 
users PLC program to facilitate multi-step pulse train output 
operations with no "dead time- between steps in a sequence of 
operation. 



An additional advantage is the ability to effectively 
eliminate cascading errors as a result of complete resets of 
counter operations during high-speed counts. Yet another 
advantage of a PLC such as that according to the present 
invention is the ability to provide for an additional step in 
a sequence of operations which allows said sequence to be 
pipelined in parallel with execution of a program step whereby 
the PLC system automatically initiates the Queued step at 
completion of the one in progress. 
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A further desirable advantage of a PLC is to provide the 
user with access to communication functions inherent in the 
PLC such that the user can exert full control over the 
function from the user program. Still a further advantage of 
the present invention is to have a capability whereby the user 
may create a program that will be executed under the 
management of the PLC where such capability will support any 
communication protocol the user wishes to implement (within of 
course the bounds of the capability of the device that is used 
to implement the communication function) . 

A further advantage of the present invention is to 
provide this protocol change scheme through use of a universal 
asynchronous receiver/ transmitter (UART) device, thereby 
providing interrupts to the system that indicate that a 
character has been received or transmitted along with status 
indications. Still a further advantage of the present 
invention is the use of a virtual UART or a reflection of a 
UART which is accessible in the user data space. 

Yet another advantage of the present invention is to 
provide a virtual UART which allows the user to provide for 
transmission and reception of interrupts, access to the 
transmission and receipt of data registers, access to control 
and status information, i.e. transmit buffer empty, baud rate, 
parity selections, framing error indications, etc. 

Still a further advantage is to provide a PLC which 
provides for communication port changeability which allows a 
users PLC program to receive a signal character via a standard 
communication port such that the PLC system transfers control 
to a user-specified program for handling of the character 
received thereby providing an "on the fly w protocol as desired 
and defined by the user. A further advantage of the present 
invention is to provide such communication protocol changes 
without the use or requirement for additional or supplementary 
intelligent I/O modules. 
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A further advantage of the present invention is a PLC 
instruction and system capability which allows a users PLC 
program to initiate a receive operation in order to receive a 
multi-character message so that the PLC system may transfer 
control to a user specified program for handling the received 
message. Yet another advantage of the present invention is to 
provide a PLC instruction and system capability which allows 
the user's PLC program to initiate a receive operation for a 
single character or multi-character messages or combinations 
thereof in order to initiate PLC system transfer control to a 
user specified program. It is still a further advantage to 
provide such protocol capabilities which would effectively 
allow for communications with existing hardware technology 
such as, for example, bar code scanners, communications pagers 
and the like. 

Still a further advantage of the present invention is a 
provision for a serial access, electrically erasable, re- 
programmable read-only memory (EEPROM) which may be used to 
store user programming data. Yet another advantage and 
desired feature is a memory cartridge which may be 
reprogrammed in place by user command, then used to transport 
the user program and data to another PLC. Still a further 
advantage of the present invention is to provide for a memory 
cartridge which allows implementation in heretofore unknown 
unusually small memory cartridges and requiring only four 
electrical connections. 

Still a further advantage of the present invention is to 
provide a method of expansion module addressing in a 
Programmable Logic Controller (PLC), comprising the steps of: 

A. transmitting from a master PLC an address number to 
at least one I/O expansion module; 

B. receiving the address number at a first I/O 
expansion module, the expansion module using the number as its 
address number; 
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C. for address numbers other than zero (0) , the first 
I/O expansion nodule, decrementing the received address number 
by 1; 

D. the first I/O expansion module transmitting the 

5 decremented number to a subsequent 1/0 expansion module; and 

E. repeating of Steps C & D for subsequent expansion 
modules. 

Yet another advantage of the present invention is to 
10 provide an I/O expansion module addressing apparatus for use 
with a Programmable Logic Controller (PLC) , comprising at 
least one I/O module having at least one address control line, 
the address control lines being connectable to a PLC, the 
module having at least one input or output; address control 
15 logic serially connected to the address control line, the 

control logic adaptable to receive and store an address number 
presented to it so as to define a module number for each the 
at least one I/O module; and whereby the address control logic 
decrements the address number. 

20 

DESCRIPTION OF THE DRAWINGS 

Reference may be now had to the accompanying drawings in 
25 which: 

Figure l is a representative perspective view of a base 
unit, an expansion I/O model and a bus connector of the PLC 
system of the present invention; 

30 

Figure 2 is a perspective view similar to Figure 1 
showing interconnection of the components illustrated in 
Figure 1; 

35 Figure 3 is a diagrammatic representation of the use of 

the memory cartridge of the present invention with respect to 
the base unit of the present invention; 
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Figure 4 is a block diagram of the various functions and 
components of the PLC system according to the present 
invention; 

Figure 5 is a representative diagram illustrating the 
ganging or use of multiple I/O modules according to the 
present invention; 

Figure 6 is an interconnection diagram illustrating the 
interconnection of a plurality of base units interconnected to 
a plurality of similar base units according to the present 
invention; 

Figure 7 is a block diagram of a base unit according to 
the present invention; 

Figure 8 is a block diagram of the I/O module according 
to the present invention; 

Figure 9 is a representation of a cyclical scan cycle as 
utilized by the base unit of the present invention; 

Figure 10 is a representation similar to Figure 9 showing 
how the user may force any or all input and output points 
during a scan cycle as performed by the base unit of the 
present invention; 

Figure 11 is a representative diagram of a sample 
application which may be handled by the PLC system according 
to the present invention; and 

Figure 12 is a timing diagram indicating high-speed 
pipelining of events according to the present invention. 

PTOIEBD DESCRIPTION OF THE PREFERR ED EMBODIMENT 
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Preliminary to a description of the operating system and 
hardware of the present invention, it is submitted that a 
general overview of the present invention is appropriate in 
order to assist in understanding of the invention. Further, 
it is understood that where referred to below, the skill to 
actually write programming instructions and user program code 
incident to the present invention are similar to those 
presently known and available to one skilled in the art and to 
some extent are dependant upon the actual hardware or 
operating system utilized. Therefore, with the exception of 
exemplary programs described more fully below, a more detailed 
description of actual code will not be provided. 

Referring now to Figure 1 there is shown a PLC system 
indicated generally at 20. A PLC system is comprised of a CPU 
or base unit 22 which may cooperate with an expansion or 
input-output (I/O) module 24. it is to be understood that 
expansion module 24 may be one of a plurality of expansion 
modules. Further, it is to be understood that use of the 
basic base unit 22 does not in and of itself require an 
expansion module 24. Interconnection of base unit and I/O 
modules 22, 24 respectively is accomplished by a bus connector 
26 which cooperates with I/O expansion ports 32. In the 
preferred embodiment of the present invention a base unit 22 
is electrically interconnected to I/O module 24 and subsequent 
I/O modules are connected to adjacent I/O modules (not shown) 
by use of bus connectors and expansion ports 32 which are 
disposed on either side of I/O module 24. 

The bus connector, in the preferred embodiment of the 
present invention, in an edge card to edge card connector 
which cooperates with the circuitry contained within base unit 
22 and expansion module 24. However, it is to be understood 
that other connectors can and may be utilized without 
departing from the spirit and scope of the present invention. 
The base unit 22 as well as expansion module 24 are slideably 
mounted on DIN rail 28 and base unit 22 and expansion module 
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24 are "hung" on DIN rail 28 and maintained in place by 
retention/DIN clip 30. Since DIN rails and their operation 
with components are readily known to those skilled in the art, 
a more detailed description will not be had. 

Referring now to Figure 2 there is shown a exemplary 
perspective view of the PLC system 20 of the present invention 
in further detail, showing the mating of base unit 22 to 
expansion module 24. Here it can be seen that base unit 22 
has an output access cover 34 and an input access cover 36. 
These covers are pivotly hinged and allow for the 
interconnection to external devices as is normally done with 
Programmable Logic Controllers and is readily known and 
available to one skilled in the art. Expansion module 24 
similarly has an I/O module upper access cover 38 and an I/O 
module lower access cover 40 which are used for Input and 
Output wires as appropriate. In this regard, and as described 
more fully below, in the preferred embodiment of the present 
invention I/O module 24 may have different I/O configurations 
depending upon user requirements such as, for example, digital 
input, analog input or a combination of the two as 
appropriate. 

Disposed along the periphery of base unit 22 is a 
communication port 42 which is comprised of a connector which 
is utilized to interconnect a plurality of base units 22 as 
well as for communication purposes and as a port for different 
protocol schemes and the like as described more fully below. 
Disposed along the same side of base unit 22 as communication 
port 42 is an input connector 44 which allows for connection 
of wires adjacent input access cover 36. In a similar 
fashion, and although not shown, a similar connector may be 
disposed adjacent access cover 34 such as 46 while an I/O 
module connector 50 is disposed adjacent I/O module upper 
access cover 38. 
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Disposed on the face of base unit 22 and I/O module 24 
are a plurality of status LEDs 48. These LEDs indicate the 
status of various registers and operation within the device 
itself as described more fully below, although it is to be 
understood that the use of status indicators and the like on 
PLCs is readily known and available to one skilled in the art. 
Further, it is to be understood that other orientations of 
connectors, status indicators, port access and the like may be 
utilized without departing from the spirit and scope of the 
present invention as well as the use of mounting devices other 
than DIN rails. 

Referring now to Figure 3 there is shown how a memory 
module 52 which is comprised of an EEPROM, as described more 
fully below is insertable in the direction of arrow 53 into 
memory cartridge receptacle 54. The area adjacent receptacle 
54 is disposed under access cover 34 of base unit 22. 
Disposed on either side of receptacle 54 are mode switch 56 
and analog adjustments 58. Analog adjustments 58 are used to 
hold the digital value that represents the position of the 
analog adjustment and in the preferred embodiment of the 
present invention the value is derived from the analog 
adjustments and may be used by the program to update the 
timer, the counter current, preset values or to set values or 
limits as appropriate. 

Mode switch 56 is, in the preferred embodiment of the 
present invention, a three position switch. When this switch 
is in the STOP mode the user is be able to create/ edit a user 
program although execution of the user program is not 
permissible. When this switch is in the RUN mode, the user 
program resident in base unit 22 is executed while 
simultaneously inhibiting the user from creating or editing 
the user program. However, user data values may be modified 
while in the RUN mode since changing the value does not edit 
the program itself. When the switch is in the third or 
terminal position-TERM, base unit 22 allows mode changes 
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received through the communication port or from intelligent 
modules (not shown) in order to determine the PLCs operating 
mode as well as mode change commands which may come from 
programming or operating interface devices through the 
communication port, as described more fully below. 

Referring now to Figure 4 there is shown a functional 
model or diagram of the present invention* In the preferred 
embodiment of the present invention, the power supply produces 
24 and 5 volts DC output as a result of DC or AC input 
voltage. The power supply 23 powers base unit or CPU 22. 
Memory module 52 is connectable to CPU 22 in the preferred 
embodiment of the present invention and is part of an edge 
card connector. Module 52 is a serial device requiring only 
four electrical wires between memory module 52 and CPU 22 as 
described more fully below. Inputs and outputs 44, 46 
cooperate with CPU 22 in order to receive data or perform 
functions and commands as is typical and readily known to one 
skilled in the art with respect to Programmable Logic 
Controllers. Additionally, although not shown, during power 
up of the PLC, as is normal and expected in Programmable Logic 
Controllers, a plurality of diagnostic checks are performed 
including determining whether memory module 52 is present. 
Also, during power-up the memory module when present is also 
tested for diagnostic purposes. 

Referring now to Figure 5 the I/O bus expansion 
characteristics of the present invention may be seen. Shown 
are memory modules 24a, 24b-24n where n represents the total 
number of modules. It is to be understood that in the 
preferred embodiment of the present invention seven modules 
may be utilized although it is to be understood that a lower 
or higher number of modules can and may be utilized depending 
upon the capabilities required of the various modules as well 
as the overall speed of the system required and the capacity 
of CPU base unit 22. 
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Referring now to Figure 6 there is shown the 
interconnection scheme amongst adjacent PLC systems 20 as 
indicated by 20a, 20b and 20c. Various PLC systems 20 are 
interconnected to each other by interconnecting cable 64. 
Connected to at least one PLC system 20 is programming cable 
62 which is thereafter connected to programming device 60. It 
is to be understood that the interconnecting cable 64 as well 
as programming device 60 may remain connected to the system or 
may be removed once programming is accomplished or 
communication between the various PLC systems 28, 20b and 20c 
is no longer required. Interconnecting cable 64 cooperates 
with Comm Port connecter 42 disposed on each base unit 22. 
Although not shown, one or more I/O modules 22 may be 
connected to one or more PLC base units 22 and therefore PLC 
systems 20 without departing from the spirit and scope of the 
present invention. In the present fashion, programming of all 
of the PLCs may be accomplished at the same time while 
communications between the PLC systems or the programming 
device 60 may also be accomplished thereby operating in a 
network mode or fashion. 

WEHQRY gTII4?MriON AND I/O MODULE EXPANSION 

Referring now to Figure 7 there is shown a block diagram 
of the CPU or base unit 22 of the present invention- At the 
heart of the base unit 22 is a central processor and, in the 
preferred embodiment of the present invention is an 80C32. 
However, it is to be understood that other types of processors 
can and may be utilized without departing from the spirit and 
scope of the present invention. Connected to the 80C32 
processor is an ASIC which provides a multitude of functions 
inherent in PLC devices. Such features and "services" 
include : 

1. Processor bus support logic, including address/data 
De-multiplexing and local chip selects; 
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2. Paging logic to map external memory space into the 
80C32 processors program and data storage areas; 

3. Local I/O buffering and filtering; 

4. Directed interrupt branching for software counting 
of inputs and branching to user interrupt routines 
as described more fully below; 

5. High-speed input counters and high-speed pulse 
output functions; 

6. I/O Bus interfacing for expansion modules 24; 

7. Watchdog timers; and 

8. Timers for the potentiometer inputs 58. 

It can also be seen that data and address lines are 
connected to the 80C32 processor and cooperate with the ASIC 
the RAM and flash EPROM. In the preferred embodiment of the 
present invention, the RAM is an 8 by 32K size RAM having a 
capacitor utilized to provide backup power in order to hold 
the contents of the RAM during intermittent power 
interruption. This 8 by 32K RAM provides space for all 
volatile data such as operating system scratch pad data, 
message buffers, non-retentive user data, and user compiled 
code. It is to be understood that other functions and/or 
other size rams may also be utilized without departing from 
the scope of the present invention. 

In a preferred embodiment of the present invention, the 
flash EPROM is an 8 by 128K EPROM although other sizes can and 
may be utilized without departing from the spirit and scope of 
.the present invention. This flash EPROM stores system code 
and has a plurality of sectors therein such that each sector 
may be independently erased and reprogr ammed . However, it is 
to be understood that standard EPROM may be utilized without 
departing from the spirit and scope of the present invention. 
Also shown connected to the ASIC are various pinouts as is 
normally encountered in digital circuit design such as chip 
select, interrupt zero (INT 0) , interrupt one (INT 1) as well 
as bank selects. Additionally connected to the ASIC are 
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isolated output circuits which in the preferred embodiment of 
the present invention are opto-coupled and have LED indicators 
which may be used for the recited status indicators and the 
like. 

A master 30 Mhz oscillator provides system timing while 
the 80C32 has connected thereto a reset pin in order to 
facilitate pending power failures and therefore efficient shut 
downs. Also connected to the 80C32 processor is an RS-485 
driver which is thereafter connected to Comm Port connector 
42. In the preferred embodiment of the present invention a 
485 driver has been utilized although other drivers can and 
may be utilized without departing from the spirit and scope of 
the present invention. In this case an RS-232 converter is 
shown and utilized. It is this RS-485 driver which also 
cooperates with the dynamically changeable interrupt scheme of 
the present invention as described more fully below. 

Also connected to the 80C32 processor is a serial time of 
day clock in order to provide real time information. As 
shown, there is provided an 8 X 8K serial EEPROM which is 
connected to the 80C32 processor which stores user code and 
user and system data that must be maintained through an 
extended period where there is no power. This provides the 
advantage of not requiring the user to download user code to a 
PLC after power interruption, modifications and the like. 
This serial EEPROM is resident in the CPU or base unit 22. A 
second serial EEPROM having 8 X 8 K memory forms the core of 
memory cartridge 52 and is intermittently connectable to the 
PLC base unit 22, when desired, as shown in Figure 3. A 
serial access EEPROM is utilized because by only requiring 
four electrical connections an unusually small memory 
cartridge may be utilized. Additionally, since this memory 
access is serial, it is much smaller and less expensive to 
connectorize and much more easily protectable from electro- 
static discharge interference and the like. This is 
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particularly so in contrast to heretofore used parallel access 
methods which typically require 20 or more connections, are 
extremely sensitive to electro-static discharge interference, 
are much more expensive to connector ize and protect from 
inadvertent electro-static interference. Additionally, it has 
been found that since speed is generally not required when 
interfacing with a memory module such as module 52, the time 
penalty for serial access for reading and writing to the 
EEPROM is not a consideration. 

This EEPROM memory cartridge 52 is connected to the 80C32 
processor through conventional electrical connectors and is 
preferably an edge card style connection. Additionally, it is 
to be understood that although in the preferred embodiment of 
the present invention an EEPROM is utilized, memory cartridge 
52 may be simply comprised of a ROM which would therefore 
allow user programs to be downloaded directly through the 
80C32 to the resident serial EEPROM. In this fashion, a ROM 
type memory cartridge could be used to update a plurality of 
PLC base units. However, a serial EEPROM is utilized so that 
user code can be uploaded from the resident serial EEPROM to 
the memory module for further propagation to other PLCs, use 
or study by the user or the like thereby rendering the PLC a 
type of "programmer." 

Also shown are indicator LEDs such as status indicators 
48 which indicate whether the base unit 22 is in a FAULT, STOP 
or RUN mode. Accordingly, these indicators as shown on 
Figures l and 2, indicate SF which is preferably a red LED 
indicating a System Fault and light up if the base unit 22 has 
incurred a fatal error. Similarly, the RUN LED which is 
preferably green indicates that the PLC is in the RUN mode and 
is executing user programs while the STOP LED is preferably 
yellow and indicates that the Programmable Logic Controller is 
in a STOP mode and that program execution has stopped. 
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The remaining indicators when labeled I are preferably 
green and indicate the current state of the input points to 
the PLCs system and are therefore logic side-status indicators 
while the indicators labeled Q on base unit 22, which are 
preferably green, indicate the current state of the output 
points and are therefore logic side-status indicators. 
Further, although not shown, expansion modules 24 may also 
utilize Q indicators if output points are resident on the 
module. 

As indicated, memory cartridge 52 provides field upgrade 
capability to a base unit such as PLC system 20 without having 
to use a programming device 60. Memory cartridge 52 
effectively duplicates the internal non-volatile storage 
provided in base unit 22 and when installed supercedes the 
information that was contained in the resident serial EEPROM. 

Installation of or use of memory cartridge 52 is 
relatively simple. In order to copy a program from the memory 
cartridge to the internal memory of base unit 22 all that is 
required is that the memory cartridge 52 be installed and the 
base unit 22 f be power cycled (turned off then on). 
Thereafter, the memory cartridge 52 may be removed or may be 
left in place as desired. Upon download of a program from 
memory cartridge 52, the information is first loaded into the 
resident serial EEPROM using the same bus as the serial 
EEPROM. It is then loaded into the RAM which performs a 
check-sum in order to ensure the integrity of the download and 
is thereafter loaded to the resident EEPROM again. In this 
fashion, the RAM is utilized to maintain input values (i.e. 
gallons measured, pounds, weighed, etc.) while the resident 
serial EEPROM maintains the actual user program. 

A supercapacitor is utilized to maintain data in portions 
of the RAM where such user values as mentioned are stored. In 
order to copy a program into the memory cartridge 52 all that 
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is required is that the memory cartridge 52 be installed as 
previously indicated. A programming device such as 60 must 
then be used to command the 80C32 processor to copy memory to 
the memory cartridge 52 and thereafter the memory cartridge 
may be removed or left in place as desired. Upon writing of 
user programs to the memory cartridge 52, the program is first 
sent from the resident serial EEPROM to the RAM where a check- 
sum is performed and thereafter the user program along with 
the check-sum values as previously indicated are then sent to 
the memory cartridge. When the base unit 22 receives a 
command to copy the program to a memory cartridge 52, RAM data 
such as the user program the first 128/512 bytes of the user 
data; the station address; retentive range definitions if 
present; freeze/copy status and output table values for RUN to 
STOP transition; password and restriction classes, and all 
forced operands and their values are also automatically 
copied . 

Referring now to Figure 8 there is shown a functional 
block diagram of an expansion l/o Module 24 according to the 
present invention. As previously indicated, a plurality of 
modules are interconnected end to end using edge card 
connectors, in the preferred embodiment of the present 
invention, a maximum of 7 modules may be utilized with a 
single base unit 22. However, other numbers of modules may be 
utilized without departing from the scope of the present 
invention depending upon the environment and capacities of 
base unit 22. Since the modules 24 do not utilize a common 
back plane and they are in effect self identifying, most but 
not all connects are daisy chained. In this regard, the power 
(not shown) and logical connections are daisy chained from 
base unit 22 to all modules 24. Signal line IODB is utilized 
for the I/O databus; IORA is the use for the I/O register 
address; IOWRT-N is used for the I/O write strobe; IORD-N is 
used for the I/O read strobe and I/O OATEN is an I/O enable 
output, all of which are daisy chained through the modules. 
However, it can be seen that logic lead IOA which is used for 
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I/O nodule address is logically broken and regenerated at each 
module. 

In the preferred embodiment of the present invention, the 
IOA module select address is numerically decremented as it 
passes through each module* A module is recognized when it 
receives an address of, for example, zero (0) on its IOA line. 
Therefore, when CPU 22 presents an address of n 0 n to beginning 
of the chain, the first module is selected. When the CPU 22 
presents an address of 1, the second module sees an address of 
0 is selected and so on. 

Therefore, upon startup the CPU 22 presents an address of 
7 to the first module. This module then checks to see if the 
address presented is 0, if it is not, the address is 
decremented by 1 and passed on to the next module and so on 
and so forth until a module receives an address of 0, thereby 
letting a module know that its address is 0. As such, if a 
module does not receive a 0 address it knows that the numbers 
presented to it is its own module number. Accordingly, an 
arbitrary mix of I/O modules types may be concatenated without 
address switches and without a fixed back plane. It is not 
necessary for an address to be presented from each module to 
the CPU. The reason for this is that the user program by 
design knows what modules are connected and their address. 
Therefore, CPU 22 inherently knows how many modules are 
supposed to be part of a PLC system 20. It is only important 
for each module to know its own module number. As such, when 
CPU 22 requests information from a module, only that 
particular modules responds and it is therefore not necessary 
for that module to even present its own address number on 
signal line IOA. However, it is understood that expansion 
module 24 may in fact include an address to the CPU without 
departing from the spirit and the scope of the present 
invention. Similarly, module IOA addresses could increment as 
their address numbers are passed along in order for a CPU to 
ensure or know how many modules are on the line. 
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It is to be understood that the control logic inherent in 
modules 24 are digital logic circuitry as readily known and 
available to one skilled in the art. Interconnected in each 
I/O module is an ID register which is connected to control 
logic and signal line IODB. This identification register 
interacts with I/O and module logic 84 and is used to identify 
to the processor 22 what type of module is connected to CPU 
22. By type of module is specifically meant whether the 
module 24 is a discrete or analog module, the mix of input and 
output points and the like, as appropriate. 

Similarly, the register is also connected to signal line 
IODB and control logic and is used to present the specific 
values read, the external devices or to act on output commands 
from the CPU 22. As indicated with respect to the 
identification register, this register is also connected to 
I/O logic control unit 84. This logic control I/O logic and 
control unit 84 contains, for example, filters, analog digital 
and digital-to-analog converters, isolation circuitry and the 
like as readily known for use with I/O. 

Referring now to Figure 9, there is shown a diagram of a 
scan cycle as normally used during the RUN mode of CPU 22. It 
is to be understood that other scan cycles can and may be 
utilized which take into account other items during normal 
operation or a different sequence without departing from the 
spirit and scope of the present invention. Accordingly, in 
the preferred embodiment of the present invention, the basic 
scan cycle is comprised of five operations beginning with the 
read of inputs which is followed by execution of the user 
program. Thereafter, communication requests are processed 
which are then followed by internal housekeeping chores as 
described more fully below. Lastly, all outputs are written 
as appropriate. However, as described more fully below, 
enabled user interrupts are serviced according to the priority 
set forth by the user in order of their occurrence. In the 
preferred embodiment of the present invention, interrupt 
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processing is performed asynchronously to the scan as 
interrupt events occur. 

As indicated, each scan cycle is begun by a reading of 
the current value of the input bits and then writing those 
values to an input image register contained in the RAM (Figure 
7) . Thereafter, execution of the program is begun with the 
program beginning with the first instruction and then 
forwarded to the end instruction. As such, an immediate I/O 
instruction preferably provides immediate access to input and 
outputs during the program or during interrupt routine 
execution. Further, should the user decide to use interrupts, 
the routine associated with each interrupt event are stored as 
part of the program. Interrupt routines are not executed as 
part of the normal scan cycle as shown in Figure 9 but are 
executed only when the interrupt event occurs, which may of 
course be at any point of the scan cycle • 

During the message, processing portion of the scan cycle, 
the PLC base unit 22 processes messages received from the 
communication port. Thereafter, during the self diagnostic 
portion of the cycle, internal housekeeping chores are done. 
These chores include self diagnostic checks periodically done 
on the programmable logic control or firmware and user program 
memory as well as I/O module status checks. The last portion 
of the scan cycle is, with respect to inputs /outputs whereby 
an image register values are written/read to/ from the 
input/output modules thereby completing one scan cycle. In 
.the preferred embodiment of the present invention, base unit 
22 does not automatically update analog input and output as 
part of the scan cycle as analog values and therefore does not 
maintain analog I/O image register. However, these values can 
be accessed directly from the user program. 

Referring now to Figure 10, there is shown a force 
function type scan cycle for use with the present invention. 
It has been found that this is important not only because 
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normal PLC programming when first run has bugs, but also 
because of the ability to dynamically change a number of 
functions, such as interrupts, resets and the like which 
require careful control and precision. Some examples of the 
use of force functions is to overwrite input status 
temporarily in order to de-bug application logic; to overwrite 
discrete output points variable memory and other data or to 
skip portions of the user program by enabling a jump 
instruction with a forced memory bit. During this force 
function scan cycle as shown in Figure 10, the forced data 
values may be changed by the user program; by the input and 
output updates cycle or by communication processing. As such, 
base unit 22 re-applies each forced value at various points in 
the scan cycle and as may be expected may be done prior to, 
during, or after program execution; during message processing 
or just prior to output writing, 

HIGH gPEBD FUNCTIONS AND INTER RUPT FUNCTIONS 

It is well known that it is extremely useful and 
advantageous to utilize an interrupt to handle certain system 
information which is known at that time. Present PLCs are 
generally unable to accommodate more than a single interrupt. 
However, the PLC base unit 22 of the present invention allows 
for the dynamic assignment of interrupt /event routines by 
facilitating the speedy handling of such interrupts by 
tailoring the assigned routine task to take advantage of 
system information known at the time of the interrupt /event, 
without waiting for a specific part of a scan cycle. 
Additionally, the within invention also allows for the de- 
assignment of user program sections in order to allow the user 
program to transfer control upon the occurrence of an event of 
interest. It has been found that this is a great advantage 
over present day PLCs which allow interrupt assignments to be 
performed only during compilation time thereby rendering them 
substantially static while the present invention allows for 
such assignments to be dynamically done during program 
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execution. Accordingly, dynamic user- interrupt routine 
assignment allows the assignment of a user program section to 
an event in a dynamic environment while allowing the PLC base 
unit 22 to automatically perform the control transfer. 

In a preferred embodiment of the present invention, base 
unit 22 supports 8 I/O interrupt events which may be based on 
rising and falling edge events. However, it is to be 
understood that a fewer or greater amount of interrupt events 
may be practiced without departing from the spirit and scope 
of the present invention. Additionally, the base unit of the 
present invention allows for two timed interrupts to occur; 
two serial communications interrupts to occur 
(receiving/transmitter) ; up to seven high-speed counter 
interrupts based on direction change, external reset, and two 
pulse train output interrupts. 

In the preferred embodiment of the present invention 
these interrupts are all prioritized according to a fixed 
priority scheme from highest to lowest. Preferably such 
priority scheme is: is communication; I/O interrupts; and 
timed interrupts. Each interrupt is serviced by base unit 22 
on a first-come-first-served basis within each respective 
priority assignment. Additionally, only one user- interrupt 
service routine is ever active at any point in time and if, 
for example, a timed interrupt is under service, neither a 
subsequent discrete bit interrupt or a communication interrupt 
will pre-empt the timed interrupt routine. However, 
interrupts that occur while another interrupt is being 
processed are queued for later processing according to the 
priority scheme mentioned. However, it is to be understood 
that other prioritizations may be utilized without departing 
from the spirit and scope of the present invention. 

Preferentially, in the preferred embodiment of the 
present invention, some accumulated logic is saved for use 
by/during interrupts. Such accumulated logic might include, 
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for example, contact, coil, and accumulated information. 
Accordingly, to utilize the interrupt function of the present 
invention, all that is required is to associate an interrupt 
event and the program segment that the user wishes to execute 
when that event occurs. This is done by a simple attach 
instruction during programming of the user program. It has 
been found that by use of an attach instruction, it is 
possible for the user to attach multiple interrupts events to 
one interrupt routine. Additionally, in the preferred 
embodiment of the present invention it is possible to enable 
or disable on a global basis all interrupts depending upon the 
user's specifications. Alternatively, an individual interrupt 
can be disabled by breaking the association between the 
interrupt event and the interrupt routine by use of a simple 
detach instruction which thereby returns the interrupt to 
inactive or ignored state. 

Therefore, by prioritizing and using interrupts according 
to the category presently mentioned, the user can now perform 
a greatly enlarged set of functions. One such function is the 
use of the serial communications port 42 of the base unit 22 
which we have referred to as the Freeport mode. In this 
Freeport mode, the user program can decide upon and would 
define such characteristics as: baud rate; bits per character; 
parity; and specific protocol, etc. This is accomplished by 
use of the receive and transmit interrupts which allow the 
user to program the base unit in order to facilitate 
programmed controlled communication. 

An example, of a communication port initiated interrupt 
is the use of the receive function with respect to a barcode 
reader, a weighing scale, a welder, a security encoded badge, 
a credit card type reader, to name a few. In this instance, 
it is totally up to the user as to the protocol desired and as 
to the actual characters or code utilized to initiate an 
interrupt. Alternatively, in a transmit function mode, 
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messages may be sent to a printer or display, all as part of 
the communication interrupt priority scheme mentioned. 

In a preferred embodiment of the present invention, a 
transmit (X/T) message allows the unit to send a buffer of one 
or more characters with the interrupt generated after the last 
character of the buffer is sent out. Similarly, reception of 
communication is performed under interrupt control with each 
received character generating an interrupt. 

As previously mentioned, I/O interrupts include 
rising/following edge interrupts, high-speed counter 
interrupts and pulse train output interrupts. The rising and 
falling events can be captured for each input point while the 
high-speed counter interrupts allows the user to respond to 
conditions such as current value reaching a preset value, a 
change in counting direction (which might correspond to a 
reversal in the direction o x f a shaft which is turning - i.e. 
motors and the like) and an external reset of the counter. 
Each of the high-speed counter events allows action to be 
taken in real time and the response to high-speed events that 
cannot be controlled at normal PLC controller scan speeds. 
Moreover, the pulse train output interrupts provide immediate 
notification to the user program of completion of outputting, 
for example, a prescribed number of pulses such as may be 
found in a stepper motor. 

With respect to the timed interrupt function of the 
present invention, an interrupt event will transfer control to 
the appropriate interrupt routine each time the timer expires. 
This has been found to be extremely useful in sampling of 
analog inputs at regular intervals. In the preferred 
embodiment of the present invention, a timed interrupt is 
enabled and timing begins when an interrupt routine is 
attached to a timed interrupt event. One of the significant 
advantages of the present invention is that during this 
attachment, the system captures the cycle time value such that 
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subsequent changes do not affect the cycle time* This 
therefore allows a timer to effectively M reset w at midpoints 
rather than at the beginning of the timer. Accordingly, the 
user is able to assign a problem block dynamically as events 
occur in the system. 

As previously mentioned, in the preferred embodiment of 
the present invention, base unit 22 has three high-speed 
counters resident therein. However, it is to be understood 
that other numbers of counters can and may be utilized without 
departing from the spirit and scope of the present invention. 
The counting direction of these counters (up or down) is 
controlled by the user programmer using a direction control 
bit. Each counter has dedicated input for clocks, direction 
control, reset and start, while a quadrature mode is also 
provided in order to select between lx or 4x counting rates. 
At least two of these clocks in the preferred embodiment of 
the present invention are completely independent of one 
another. 

Further, when the reset input of a particular clock is 
activated, the reset clears the current value and holds it as 
cleared until the reset is deactivated. When the user 
activates the start input, it allows the counter to count and 
continue counting while deactivation of the start causes the 
current value of the counter to be held constant and ignore 
clocking events. Additionally, if the start input is active 
while a reset remains active, the current value is cleared. 
Prior to using a high-speed counter, the counter mode is 
chosen by using a high-speed counter definition instruction to 
provide the recited and necessary association between the 
particular high-speed counter and a counter mode. 

Selecting the active states and lx/4x counter modes of at 
least one of the counters is done by using control bits which 
are located in the control byte for the respective counter 
used when the high-speed counter definition instruction is 
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executed. Thereafter, once the user has defined the counter 
to be used and the counter node for that particular counter, 
the user can then program the dynamic parameters of the" 
counter. Each high speed counter has a control byte that 
allows the related counter to be enabled or disenabled, its 
direction to be controlled or the initial counting direction 
for all the modes, the current value to be reloaded and the 
preset value to be loaded. 

Further, by use of the dynamic interrupt capability as 
previously described and specifically as part of the high- 
speed counter, dynamic presetting of values is possible and it 
is now possible to provide for high-speed pulse train output 
pipelining queue ing. This allows for subsequent operations in 
parallel with the completed execution of the previous 
operation. Moreover, the base unit 22 initiates the 
subseguent operation automatically upon completion of the 
previous one thereby providing a smooth transition from one 
sequence to the next, transferring control to a user-specified 
program at which time the sequence can be completed or another 
step in the sequence may be pipelined by the users program. 
This greatly speeds the entire process and more fully utilizes 
the high-speed capabilities of the present invention by 
avoiding "deadtime" between steps and a multi-step sequences. 

Turning now to Figure 12 there is shown a timing chart 
indicating how overlapping or pipelining of the subsequent 
operation with the current operation and automatic initiation 
of a pipelined operation is performed. In effect the pulse 
train is similar to the use of presets previously mentioned 
with respect to the high-speed counter. Further, this 
provides the ability to change the pulse width or number of 
counts after a preset interval. 

Also, in the preferred embodiment of the present 
invention, the base unit 22 provides a Pulse Train Output 
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(PTO) having a 50% duty cycle square wave output for a 
specified number of pulses and a specified cycle time. During 
pulse width modulation (PWM) functions, the base unit 22 
provides a fixed cycle time with a variable duty cycle output. 
In order to change or invoke the pulse width modulation from 
its normal continuous mode or function, an update is made by 
the counter. In this regard, each pulse train output or pulse 
width modulation generator has inherent therein a control byte 
which is preferably a control byte, a cycle time value and an 
unsigned pulse width value, a 16-bit value and a pulse count 
value which is also unsigned and a 32-byte value. Thereafter, 
operation is evoked by a -simple execution pulse instruction 
(PLS) in the program which thereby allows the base unit 22 to 
read the designated memory bit locations and program the PTO 
or PWM generator accordingly. 

In view of the above pulse train output (PTO) pipelining 
as mentioned is now possible. This is accomplished by use of 
two status bits in addition to the control information which 
indicate that the specified number of pulses were generated 
and/or whether a pipeline or overflow condition has occurred. 
This PTO function allows at least two pulse output 
specifications to either be chained together or to be piped 
one after the other thereby resulting in continuity between 
subsequent output pulse trains. 

yreeport AND user dbftmablb comm pnicatiom protocols 

As previously recited, the present invention utilizes a 
UART. It has been found that use of a UART in conjunction 
with the interrupt capability as previously disclosed allows 
the communication port 42 of the present invention to be 
completely adaptable to a user defined or definable protocol 
scheme or schemes which are part of existing standards. 
However, rather than manufacturing the base unit 22 with a 
plurality of protocols therein, in the preferred embodiment of 
the present invention all protocol schemes other than those 
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utilized with respect to PLC programming of the base unit 22 
itself, must be copied into the user program. Further , by 
allowing a user to use/adapt/define a protocol scheme, 
proprietary schemes which a user may need to interact with for 
new devices or perhaps very old equipment are now possible. 

To utilize and select Freeport mode having user defined 
protocols, as previously mentioned, communication port 42 may 
be utilized. In the preferred embodiment of the present 
invention, all communication with Comm Port 42 is interrupt 
generated. The user program controls operation of the port 
through the use of these interrupts such as the receive 
interrupt, received or transmit interrupts and 
receive/transmit instructions. Therefore, to invoke or carry 
on Freeport or variable protocol operation (and the Freeport 
flag bit has been set so as to establish the communication as 
a Freeport-as described more fully below) the interrupt 
feature as previously described is utilized. Once an 
interrupt has been initiated, the user program, in the fashion 
previously described, is used to select baud rate, parity, 
START and STOP bits as well as a plurality of data bits which 
in the preferred embodiment of the present invention are 7 or 
8 data bits wide. Exiting from the Freeport mode is simply 
accomplished by the end of the interrupt routine or may be 
disabled and normal communication re-established when CPU 12 
is put into the STOP mode. 

As mentioned communication with Port 42, initiates an 
interrupt. However, in order for CPU 22 to different between 
a programming device 60 being used (the default mode) and a 
Freeport communication, a flag bit must be set. Therefore, by 
use of a special flag bit (SF) the effective function of the 
communication port may be chosen. Therefore, in the preferred 
embodiment of the present invention, the default or off state 
of the special flag bit enables the user to use the 
communication port 42 as a programmer interface such as found 
for example in Figure 6. Further, the user program may turn 
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on the special flag bit that controls the communication port f s 
use such that the user program is enabled so as to send or 
receive messages through this communication port as a 
Freeport. As described herein, this special flag bit can be 
user program initiated, I/O initiated or comm port initiated. 

Accordingly, in the preferred embodiment of the present 
invention any communication into the communication port 42 is 
treated as an interrupt. As previously mentioned, the default 
state for the special flag bit in this interrupt is for the 
communication port 42 to act as a normal programmer interface. 
However, if this flag bit is turned on then the communication 
port 42 acts as or goes into a Freeport mode allowing the user 
to define the protocol scheme used. In this fashion, since 
the communication port always treats communications through 
the communication port as an interrupt, a protocol scheme can 
be any scheme including single character or multi-character 
messages. During the Freeport communication mode, the user 
program is stopped until the interrupt is 

terminated/ completed. Alternatively, an input from any of the 
I/O contained on the base unit or any modules or conditions 
determined by the user program itself may be used to turn the 
communication port from the programming mode to the Freeport 
mode by using an interrupt routine. 

Another aspect of the Freeport mode is that through port 
42, the base unit 22 may communicate with, for example, a 
printer which may be normally connected to the communication 
port in order to allow for the printing of error message, 
values, and the like as appropriate. This therefore allows 
different types of printers or even recording devices to be 
used. Another example of such use might be the use of beeper 
paging. That is where an I/O program condition exists which 
would in turn initiate an interrupt which allows and instructs 
the communication port to interact with, for example, a phone 
line or other communication device under a user interrupt 
program control. This may be used to dial the beeper or pager 
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number of, for example, a maintenance individual and provide a 
pre-programmed message such as out of material, machine 
stopped, etc. Similarly, instead of using a beeper paging 
scheme, the manufacturing process might use a speech 
synthesizer to indicate particular faults, draw attention to a 
particular operator and the like. 

Alternatively, another example of Freeport protocol usage 
is with respect to the use of gasoline pumps and the use of a 
card reader for smart or standard cards which interacts with 
the communication port in order to present or validate user 
account numbers, types of fuel, quantities of fuel permissible 
and the like with the PLC free to control the fuel pump as 
appropriate. Alternatively, the PLC Freeport can be utilized 
to measure quantities of fuel utilized and report same through 
the communication port to a central authority thereby 
allowing, for example, tax authorities to compare the amount 
of fuel pumped with the actual tax paid and due by the fuel 
retailer/wholesaler . 

EXAMPLES 

Referring now to Figure 11, there is shown in 
diagrammatic representation an exemplary sample program which 
can be solved according to the present invention. More 
particularly, shown are first and second pump controls 66, 72 
which are respectively controlled by first and second pumps 
68, 70. A drain pump 80 is disposed adjacent a drain valve 76 
which is directly connected to tank 74 while a steam valve 78 
is also directly connected to tank 74. In this exemplary 
scheme, a mixing tank 74 is used for making different colors 
of paint. As such, there are two pipelines associated with 
pump controls 1 and 2 respectively with each pipe line 
bringing in the respective ingredients. A single pipe line at 
the bottom of the tank 74 adjacent drain valve 76 and drain 
pump 80 transports the finished paint mixture to the desired 
intermediate work area (not shown) . During operation, it is 
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desirable to control the filling operation, while monitoring 
the tank level and control a mixing and feeding cycle. 
Accordingly, the process flow to accomplish this is: 

1. Fill the tank. 

Wait for the pump start push button switches to be 
pressed. When they are closed, start l and 2. If 
either pump stop switch is opened, stop that pump. 

Fill with paint ingredients until the high level 
switch closes. Then, turn off both pumps. 

2. Mix and heat the ingredients. 

Turn on the mixer motor and the steam valve for a 
designated period (for example, 10 seconds). 

3. Drain the mixing tank. 

After the mix and heat cycle, drain the vessel by 
opening the drain valve. Drain the pump until the 
tank level reaches the low level. 

4. Count each cycle. 

Count each time the mixing tank goes through a 
complete/fill/mix/drain cycle. 

Referring now to Chart 1 there is shown a sample program 
1 for programming and testing logic necessary to program the 
PLC of the present invention utilizing the example given in 
Figure 11. Accordingly, on the left side of the chart can be 
seen the ladder logic diagrams with actual code shown on the 
right side of Chart 1. it is to be understood that additional 
or intermediate steps are not shown as it is submitted that 
the general programming of PLCs is readily known to one 
skilled in the art. 
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Another example for use with the present invention is 
described below. This example illustrates the use of the 
Freeport communication or variable protocol scheme as 
previously described and utilizes such communications to 
receive a character string from a barcode reader. In this 
example, 8 product types with different barcodes are mixed on 
a single conveyor line and must be re-directed to either of 
two destinations for final packaging. The barcode reader 
reads barcodes consisting of 12 ASCII characters that are 
terminated by a carriage return and a line-feed character. 
Upon receipt of the carriage return and line-feed characters, 
the barcode is examined. Based on the barcode value, a 
diverter bar is activated to send the products to bin A or B. 
The last 4 digits of the barcodes determine the bin the 
product is to go into. The within example utilizes or assumes 
that exemplary data values (V0-V95) for the particular 
database (DB1) were downloaded when the user program was 
downloaded. Accordingly, tables 1-4 below show and describe 
various addresses and parameters utilized. 

The inputs and outputs utilized are described in table 1. 
As can be seen, the number of bytes corresponds to the size of 
the address. Further, it can be seen that Table 1 deals with 
I/O functions performed by the base unit 22, with Tables 2, 3 
and 4 as described more fully below dealing with internal 
movement of data and the like within base unit 22. Table C2 
deals with permanent data storage and it can been seen that a 
12 bit byte corresponds to 12 bits of address as appropriate. 
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Similarly, Table C3 deals with volatile data storage with the 
sane byte and address sizes, while Table 4 deals with sub- 
routine interrupt descriptions which govern the overall 
operation of the entire sample program. 

Referring now to Chart 2, there is shown the main, sub- 
routine and interrupt routines incident to carrying out the 
exemplary barcode reading program as suggested above. As can 
be seen from a review of Chart 2, various sections of the 
chart correspond to the functions and descriptions enumerated 
in Tables l, 2, 3 and 4. 
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WHAT IS CLAIMED IS: 



1 1. A method of expansion nodule addressing in a Programmable 

2 Logic Controller (PLC) , comprising the steps of : 

3 A. transmitting from a master PLC an address number to 

4 at least one I/O expansion module; 

5 B. receiving said address number at a first I/O 

6 expansion module, said expansion module using said number as 

7 its address number; 

8 C. for address numbers other than zero (0) , said first 

9 I/O expansion module , decrementing the received address number 

10 by 1; 

11 D. said first I/O expansion module transmitting said 

12 decremented number to a subsequent I/O expansion module; and 

13 E. repeating of Steps c & D for subsequent expansion 

14 modules. 



1 2. An I/O expansion module addressing apparatus for use with 

2 a Programmable Logic Controller (PLC) , comprising ; 
3 

4 at least one I/O module having at least one address 

5 control line, said address control lines being connectable to 

6 a PLC, said module having at least one input or output; 

7 address control logic serially connected to said address 

8 control line, said control logic adaptable to receive and 

9 store an address number presented to it so as to define a 
10 module number for each said at least one I/O module; and 
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11 whereby said address control logic decrements the address 

12 number. 
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